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It has been recognized for many years that
skin has the facility to adapt to at least
certain changes in its external environment.
This adaptation has been known as "harden-
ing," although "accommodation" seems to be
more descriptive of this phenomenon. Roth-
man and Lorincz in their review of Skin De-
fense Mechanisms (1) state that skin can
adapt to ultraviolet irradiation, mechanical
stimuli, and chemical and thermal insults. Pro-
tection in the first two instances is apparently
due to an increase in the thickness of the
stratum corneum which Rothman and Lorinez
refer to as "superkeratinization"; they further
suggest that some type of adaptation occurs
with chemical and thermal insults.
Shelley (2) commented that "'Hardening,'
while a practical observation of considerable
importance, requires more research and
study." It is somewhat surprising that a skin
reaction of recognized importance remains es-
sentially unstudied; perhaps the difficulty of
studying "hardening" in human subjects and
the only recent recognition that similar skin
reactions could he produced in experimental
animals, especially the guinea pig, were con-
tributing factors.
In work carried out in these laboratories,
Opdyke (3) was first to observe that guinea
pig skin could be easily accommodated to
certain materials by repeated exposure to the
accommodating ogent over a period of time.
It was observed that the guinea pigs first be-
come irritated and then the skin begins to
recover even though the exposures to the solu-
tions are continued. Opdyke recorded the gross
similarity between the skin reaction observed
with guinea pigs ond that observed over the
years with humans. He also developed the
early information on conditions necessary to
produce the accommodated state and made
some of the first observations on its duration
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and its non-specificity. These first observa-
tions of Opdyke stimulated interest in de-
veloping more information and in describing
further the characteristics of accommodated
skin.
It is the purpose of this paper: (1) to com-
pare the morphology of accommodated skin in-
cluding mitotie indexes with that of normal
and irritated guinea pig skin, (2) to define
certain aspects of the specificity and duration
of the accommodation reaction, and (3) to
record that accommodation results in changed
skin permeability.
MATERIALS AND METHODS
Young adult guinea pigs (250—300 g) of the
Hartley strain were used for all experiments. The
technic used for handling the guinea pigs was es-
sentially that described recently by Opdyke and
Burnett (4).
Except where noted otherwise the animals were
immersed for two one-hour intervals each day at
9 AM. and 2 P.M. Fresh solution was used for
each immersion; the volume of solution could be
varied somewhat but it was generally preferable
to immerse the animal up to the midthoracie re-
gion. Following the immersion, the animals were
rinsed under warm running tap water and dried
with a small terry-cloth towel.
In order to determine whether the accommoda-
tion was a local response, in some experiments the
area of treatment was restricted to the abdomen.
This was accomplished by saturating a two-inch
square of cotton hatting with the desired solution
and fastening it in place for a one-hour period
with a piece of dental rubber dam. While the
patch was in place the animal was restrained to
prevent removal of the patch. As in the immersion
experiments all animals were treated twice daily
until accommodation was complete.
To obtain tissue for histological evaluation the
animals were sacrificed and skin specimens were
taken from the lower abdomen to the right of the
midline. Tissues were prepared using conventional
technies and were stained with hematoxylin-eosin
for general morphology.
Mitotie indexes were determined from the
hematoxylin-eosin stained tissues. Counting was
performed on each of four serial sections from a
minimum of two animals for each treatment re-
ported. In each instance a minimum of 500 basal
cells were counted. The mitotic index is expressed
as the number of mitotic figures per 100 basal cells.
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FIG. 1. Normal guinea pig skin
FIG. 2. Accommodated guioea pig skin
The principal materials studied were soap, so-
dium alkylbenzene sulfonate and sodium lauryl
sulfate. The concentration of the soap was 4%.
Each of the two synthetic surfactants was studied
at concentrations of 0.15 and 025%.
RESULTs
The characteristics of accommodated skin
are as follows:
A. Gross Appearance
As originally observed by Opdyke, and con-
firmed by the present studies, the first 6 to
8 immersions produce an increasing degree of
irritation after which the gross skin condi-
tion begins to improve. By the 30th immer-
sion the skin is completely accommodated to
Sodium soap derived from coconut oil.
Alkylbenzene sulfonate—commercial typo
branched-chain alkylbenzene sulfonate.
Sodium lauryl sulfate—derived from coconut
alkyl sulfate.
the solution being used. Grossly, accommo-
dated skin is different in some respects from
normal skin: it continuously undergoes very
slight scaling, there is a slight loss of elastic-
ity, and the surface has a slight shiny or
glossy appearance not observed with normal
guinea pig skin. Figures 1 and 2 illustrate
the gross appearance of normal and accommo-
dated guinea pig skin, respectively.
B. Morphology
Figure 3 shows the general morphology of
normal guinea pig skin. The tissue represented
in Figure 4 was obtained following 4 immer-
sions in 0.25% alkylbonzene sulfonate (ABS)
and represents mildly irritated skin. Al-
though the only gross evidence of irritation
after 4 immersions is a slight erythema, mi-
croscopically, hyperplasia of the epidermis
and perifollicular hyperkeratosis are apparent.
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FIG. 3. Normal guinea pig skin
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At the peak of irritation (Figure 5), in
this instance after S immersions in 0.25%
ABS, the entire epidermis and the upper re-
gions of the dermal papillae are necrotic. The
damaged epidermis shows marked hyperkera-
tosis and occasionally some parakcratosis. The
right half of Figure 5 illustrates an area in
which there is no recognizable epidermal tis-
sue; the left half of this same picture depicts
an adjacent area in which new epidermal tis-
sue has regenerated from the external root
sheath of the hair follicle. At this stage of
irritation there is also a marked reduction
or absence of stainable keratohyalin material.
Following the peak of irritation the skin
begins to improve. A new epidermis grows
out from the epithelial lining of the hair
follicle. Initially this new epidermis is only
2—4 cell layers thick but rapidly thickens, re-
sulting in the acanthosis which is character-
istic of accommodated skin (Figure 6).
Fully accommodated skin differs morpholog-
ically from normal skin in several respects.
Accommodated skin has:
(1) A thicker stratum corneum which is
slightly hyperkcratotic.
(2) A thickened granular region.(3) An epidermis which is about three
times thicker than normal.
(4) Enlarged scbaceous glands.
These characteristics are illustrated in Figure
6 which should be compared with Figure 3.
C. Duration
The epidermal changes associated with ac-
commodation persist as long as the skin is
challenged with the accommodating agent on
a regular basis. However, when the exposures
are stopped the skin does return to normal.
The following experiment was carried out to de-
termine the duration of the accommodated state.
Guinea pigs were accommodated to 025% ABS
(30 immersions) and then the immersions were
stopped for periods of either 10, 17, or 24 days.
After each recovery period half the animals were
sacrificed and skin tissue was taken for micro-
scopic evaluation. The remaining half of the ani-
mals were challenged by immersion for S times
in 0.25% ABS prior to sacrificing for tissue sam-
ples. From these experiments the degree of ac-
commodation persisting could be measured using
(a) histological methods, (b) reaction (irritation)
of the skin upon challenge with the accommodat-
ing agent, and (c) mitotic indexes.
The histological appearance of the tissue
after 10 days of recovery is nearly identical
to that of accommodated skin. After 17 days
of recovery the epidermal hypcrplasia has
markedly subsided although the stratum cor-
ncum remains thicker than normal. Figure 7
depicts tissue which was taken 24 days after
the last immersion; at this time the epider-
mis is essentially normal.
The reactivity of the skin upon challenge
with the accommodating agent was estimated
by microscopic evaluation of the tissue sam-
ples as well as by gross grading of the irrita-
tion reaction during the immersion sequence.
After 10 days of recovery, a subsequent chal-
lenge of S immersions in 0.25% ABS pro-
duces no marked morphologic changes in the
skin. Following 17 or 24 (Figure 5) days of
recovery, challenge with ABS produces a typi-
cal irritation reaction which proceeds to ne-
crosis of the epidermis in limited areas, in-
dicating the skin is no longer accommodated.
The gross skin grades correlated well with the
microscopic observations in that after 10 days
of recovery the challenge with ABS produced
only a mild scaling reaction; after 17 and 24
days of recovery the challenge results in a more
severe irritation reaction progressing to mi-
nute fissures.
The mitotic indexes of the tissue obtained
from this experiment arc presented in Table
I. Several conclusions can be drawn from these
data. It is apparent that the mitotic index of
accommodated skin is about 3 times higher
than that observed for normal skin. This find-
ing is consistent with the observed epidcrmal
hyperplasia. It was also observed that the
mitotic index remained higher than normal
following 10 days without immersions; this
finding was not unexpected, since the epider-
mis remained quite thick for this time in-
terval. After 17 and 24 days following the last
immersion, the mitotic index of the basal cell
region is normal. In all instances the challenge
with S immersions in 0.25% ABS produces an
increase in the mitotic index.
D. Cross-Resi.stance to Irritation
Animals which are accommodated to 0.25%
alkylbenzcne sulfonatc show marked resistance
to the irritative action of 0.15% sodium
lauryl sulfate, 4% sodium soap, and 0.15%
FIG. 5. 8 one-hour immersions in 0.25% alkylbenzene sulfonate
FIG. 6. 30 one-hour immersions in 025% alkylbenzene sulfonate. Accommodated skin
aC'
FIG. 7. Accommodated skin after 24 days' recovery
FIG. 8. Accommodated skin after 24 days' recovery challenged for 8 immersions in
025% alkylbenzene sulfonate.
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TABLE I
Mitotic indexes of normal and treated
guinea pig skin
Mitotic Index
Skin Treatment (% ot Basal
Cells)
None (normal skin) 7
Accommodated (3oimmcrsions—O.25% 20
ABS)
Accommodated + 10 days' recovery 12
Accommodated + 10 days' recovery + 19
8 X 0.25% ABS
Accommodated + 17 days' recovery 8
Accommodated + 17 days' rccovsry + 15
8 X 0.25% ABS
Accommodated + 24 days' recovery S
Accommodated + 24 days' recovery + 21
S >< 0.25% ABS
alkylbcnzyldimcthylammonium chloride (Roe-
cal). These results arc shown in Figures 9—14.
Results of challenging accommodated and nor-
mal skin with 0.15% sodium lauryl sulfate are
shown in Figures 9 and 10, respectively. There
is no gross irritation produced during the chal-
lenge of the accommodated skin with sodium
lauryl sulfate. Microscopically, the degree of
epidermal hyperplasia decreases during the 10
challenge immersions. It is obvious the nor-
mal skin has undergone marked irritation. The
relatively normal thickness of the viable epi-
dermis (excluding the stratum corneum) is a
function of the time during the irritation
cycle that the tissue is taken. After 1 or 2
additional immersions this newly formed epi-
dermis becomes hyperplastic.
Figures 11 and 12 reveal the effect of 0.15%
alkylbenzyldimethylammonium chloride on ac-
commodated and normal skin. Again the ac-
commodated skin is largely resistant to ir-
ritation whereas, the normal skin is severely
irritated.
The tissue illustrated in Figure 13 shows the
resistance of accommodated skin to irritation
by 4% sodium soap. Figure 14 depicts the
appearance of normal skin treated with 4%
soap. As in the previous two examples the
accommodated skin is more resistant to irrita-
tion than is normal skin.
Similar experiments were done in which
guinea pigs were accommodated to 4% so-
dium soap and then challenged with ABS,
sodium lauryl sulfate, and alkylbenzyldimetb-
ylammonium chloride. In each instance it is
observed that the skin accommodated to so-
dium soap is more resistant to irritation than
is normal skin.
E. Concentration Effects
Skin can be made resistant to higher levels of
soap and synthetic surfactants by starting the
immersions in lower concentrations and subse-
quently going to higher levels. In one such experi-
ment animals were immersed for twenty 1-hour
intervals, first in 0.15% alkylbenzene sulfonate,
then in 0.25, 0.50, 0.75, and finally in 1.0% concen-
trations.
An increase in the ABS concentration from
0.15% to 0.25% produced only a very mild irrita-
tion reaction similar to that shown in Figure 4.
A further increase in concentration from 0.25%
to 0.50% or from 0.50% to 0.75% produced moder-
ate irritation during the first S to ten 1-hour im-
mersions hut following this initial reaction the de-
gree of irritation subsided and these animals could
not be distinguished from those accommodated to
lower levels of ABS. A concentration of 1% ABS
appears to approach the maximum level that
guinea pig skin can tolerate when the animals are
treated for two 1-hour intervals each day. Al-
though these animals tolerate 1% ABS for 20
immersions, whereas normal animals do not sur-
vive more than S or 4 immersions in the same
concentration of ABS, their skin continues to
show more irritation than that observed with the
lower ABS concentrations.
It was shown that guinea pigs could be
accommodated directly to 0.75% ABS if the
immersion time was reduced to two 15-minute
immersions per day.
F. Localization
The question of whether accommodation is a
localized response restricted to the treatment site
was considered and resolved. Guinea pigs were
treated on a defined abdominal area using the
patch technic until accommodation was complete
(30 applications of 0.25% ABS). These animals
were sacrificed and skin samples were taken from
the abdomen and from the back.
Evaluation of the treated and untreated skin
confirmed that the back skin was normal and
that the abdominal skin had undergone
accommodation. Hence, accommodation was
shown to be localized and restricted to the
treated area.
C. Permeability
A few experiments were performad to determine
the permeability properties of accommodated skin.
In these studies 0.5% methyl nicotioate in 80%
Fia. 9. Skin accommodated to 0.25% alkylbenzene sulfonate (30 immersions), then
challenged for 10 immersions in 0.15% sodium lauryl sulfate.
FIG. 10. Normal skin treated for 10 immersions in 0.15% sodium lauryl sulfate
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FIG. 11. Skin accommodated to 0.25% alkylbenzene sulfonate (30 immersions), then
challenged for 10 immersions in 0.15% alkylbenzyldimethylammonium chloride.
FIG. 12. Normal skin treated for 10 imniersions in 0.15% alkylbenzyldimethylammonium
chloride.
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Fic. 13. Skin accommodated to 0.25% alkylbenzene sulfonate (30 immersions), then
challenged for 10 immersions in. 4% sodium soap.
Ftc. 14. Normal skin treated for 10 immersions in 4% sodium soap
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ettianol was swabbed on the abdomen of normal
and accommodated animals and the time re-
quired to produce crythema was recorded. In an-
other experiment accommodated and normal ani-
mals were immersed in 2% ABS.
It was observed that with methyl nicotinate it
takes twice as long to produce detectable erythema
in normal skin as in accommodated skin. An in-
creased permeability to this compound is thus
demonstrated. Furthermore, the treatment of ac-
commodated skin with 2% ABS results in a more
rapid and more severe degree of irritation than
does an identical treatment of normal skin. This
observation suggests that accommodated skin is
also more permeable to the accommodating agent
than is normal skin.
This experiment suggests that accommo-
dated skin is also more permeable to the
accommodating agent than is normal skin.
DISCUSSION
The long history of exposure of the skin to
soaps and synthetic surfactants is evidence of
the absence of clinical irritation from the use
of these substances under conditions of nor-
ma! exposure of time and concentration. How-
ever, since it appears that at least a mild de-
gree of irritation is required to evoke the
accommodation reaction, exaggerated condi-
tions were used for the purposes of these ex-
periments.
During the process of accommodation the
skin becomes irritated, recovers from this ir-
ritation, and becomes resistant to further ir-
ritation. Under conditions of mild irritation
the existing epidermal cells adapt in some way
to the irritating material; in the case of
severe irritation the original epidermis can-
not adapt sufficiently rapidly, becomes ne-
crotic, and is sloughed. A "new" epidermis
which is resistant to irritation then grows out
from the external root sheath of the hair
follicle.
These studies do not resolve the question of
what physical and chemical changes occur dur-
ing accommodation to produce a more re-
sistant tissue. Detoxification of the irritant,
perhaps through enzyme induction, would be
an attractive hypothesis if the skin were re-
sistant only to the accommodating agent. The
observation that accommodation to one type
of material, for instance soap, imparts con-
siderable and often complete protection
against irritation by chemically unrelated
compounds such as ABS, sodium lauryl sul-
fate, and Roccal is evidence against such a
mechanism.
Any mechanism proposed for the increased
resistance must take into account the studies
which indicate an increased permeability of
accommodated skin relative to normal skin.
Thus, it is possible for more irritant to pene-
trate the skin without the skin reacting to it.
One possible explanation would be that the
irritant is interacting less strongly with var-
ious skin components. This could result in a
more rapid removal of the irritant from the
skin by the blood and lymph and, in effect, a
tissue concentration of the irritating agent
below the threshold concentration required to
produce the irritation reaction. The accom-
modated state can be achieved by using
longer treatment intervals with lower concen-
trations or shorter intervals with higher con-
centrations of the accommodating agent. The
implication is that a certain tissue concen-
tration must be achieved and maintained to
initiate and carry the reaction to completion.
However, there seems to be a tissue concen-
tration or threshold level beyond which even
accommodated skin cells are not resistant to
irritation.
The acquired resistance to irritation could
involve a decrease in the permeability of the
individual cells. This theory may appear to be
inconsistent with the observed overall increase
in skin permeability. However, if an inter-
cellular absorption pathway is favored it is
possible to have increased absorption through
the skin and decreased absorption into the
cells. If an intracellular route of penetration
is operating in normal skin then it can be
postulated that a change has occurred in the
route of penetration through accommodated
skin; this hypothesis would be consistent
with the experimental observations.
The observation that accommodation per-
sists as long as the treatments are continued
and that, in the absence of continued treat-
ment, accommodated skin reverts to normal
in about 17 to 24 days indicates that cells
produced in the absence of the accommodating
agent are not notably resistant to irritation.
Although it is not possible from these stud-
ies to arrive at a clear understanding of the
mechanism which is involved, it is apparent
that accommodated skin differs from both
normal and irritated skin. Further study of
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this modified structure may lead to a better
understanding of the functions and reactions
of normal skin.
SUMMARY
Guinea pig skin can be accommodated
(hardened) by repeated exposure to high con-
centrations of soap, sodium lauryl sulfate, or
alkylbcnzene sulfonatc. Skin accommodated to
these materials has the following character-
istics:
1. The gross appearance of accommodated
skin is one of mild scaling, slight loss of
elasticity, and a slightly shiny or glossy sur-
face.
2. Microscopically the epidermis of accom-
modated skin has a slightly thickened and
slightly hyperkeratotic stratum corneum, a
thickened granular region, a thicker epider-
mis, and enlarged sebaceous glands as com-
pared with normal guinea pig skin. Dermal
changes appear to be minimal.
3. Skin accommodated to a synthetic sur-
factant is resistant to irritation by high con-
centrations of sodium soap. The converse is
also true.
4. Accommodated skin is more permeable to
methyl nicotinate and to the accommodating
agent than normal skin.
5. Accommodation is a localized response
which is limited to the treated site.
6. The accommodated state will persist as
long as the exposures are continued. However,
upon discontinuation of the exposures, the
skin will revert to normal reactivity in about
24 days.
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